The expression of mRNA for chemorepellent factors slit1 and slit2 in rat peripheral nerve regeneration was examined. The mRNA of slit2 increased when the continuity of basal lamina tubes was disrupted, not when it remained and the Slit2 protein was located in Schwann cells. These results suggest that disruption of the continuity of basal lamina tubes induces the expression of slit2 in Schwann cells during peripheral nerve regeneration.
Axonal pathfinding, both during development and regeneration after injury, is thought to result from the interplay between axonal growth cones and environmental guidance cues. In developing nervous systems, various axon guidance molecules lead the growing axons to their correct targets. The notion that inhibitory guidance mechanisms are involved in the patterning of developing neuronal projections has contributed significantly to the identification of an expanding number of axonal guidance proteins in the adult peripheral and central nervous systems, including members of the semaphorin, netrin, ephrin, and Eph receptor gene families. 1) It has been proposed that the presence of these proteins in the adult nervous system can significantly influence the course of neuronal regeneration; 2, 3) but, the expression and function of these axonal guidance proteins in neuronal regeneration are not yet completely understood. Slit, one of these axonal guidance molecules, has been identified as a repulsive cue. During development, Drosophila slit is expressed from midline glia and repels commissural axons expressing a slit receptor, roundabout (Robo), on their growth cones. In vertebrates, three slit homologs (slit1, slit2, and slit3) and four robo homologs (robo1, robo2, robo3/Rig-1, and robo4) have been identified. The Slit-Robo system plays roles in the patterning of olfactory cells, retinal ganglion cells, and hippocampal axon projection in the developing central nervous system. 4, 5) In peripheral nervous system, it is expected that the system also plays roles in the guidance of regenerating axons. We examined the expression of slit2 mRNA using two different models of peripheral nerve regeneration and found that disruption of basal lamina tube continuity is essential to induce Slit2 expression in Schwann cells.
Two different injury models (crush and transect/ repair) for peripheral nerve regeneration were used. The critical feature of crush injuries is that the continuity of basal lamina tubes is protected from injury; in contrast, that of transect/repair injuries is that continuity is completely disrupted. [6] [7] [8] We operated on the right sciatic nerve of adult male Wistar rats (180-250 g) under deep anesthesia with sodium pentobarbital (40 mg/kg, i.p.). In the transect/repair group (n ¼ 10), the nerve was transected with a fresh razor blade approximately 1 cm from the sciatic notch, and immediately repaired using 10-0 nylon sutures. In the crush group (n ¼ 7), the nerve was clamped with hemostatic forceps for 15 s. The locking mechanism allowed reproducible force generation. At 2, 7, 14, and 21 d after the initial surgery, we re-exposed the operated sites of the rats and harvested approximately 1 cm of the distal nerve from the transect/repair or crush site. Contralateral sciatic nerve segments (about 1 cm) served as normal controls. Total RNA was extracted from the harvested nerve segments with RNA I super (Nacalai tesque, Kyoto, Japan). RNA was reverse-transcribed with ReverTra Ace (Toyobo Bio, Osaka, Japan). All procedures were conducted in accordance with the Policy on the Use of Animals of Osaka Prefecture University.
To quantify the expression of slit2 mRNA after nerve transact/repair injury, we performed real-time PCR analysis using an iCycler iQ Detection System (BioRad, Richmond, CA) and qPCRÔ mastermix plus for SYBR Ò Green I (Eurogentec S.A., Seraing, Belgium). PCR primers specific for slit1 (GenBank accession no. AF133730) 5 0 -GCCGAAAACTCTACTGTCT-3 Note GATGATCTTCCAC-3 0 and 5 0 -GACTGGACACTGG-GCGATTTTATAGCAG-3 0 , and for robo2 (GenBank accession no. AF182037) 5 0 -GTCCAGGTCTTCTAAA-TACTGGCGACC-3 0 and 5 0 -TGGGCCACTATTGCT-GTTGTTGACTG-3 0 were used for PCR amplification. The presence of slit1, slit2, robo1, and robo2 mRNA in rat adult peripheral nerves was verified (Fig. 1A, B) . A single band was observed with 1% agarose-gel electrophoresis following PCR amplification with the primers for slit1, slit2, robo1, and robo2 respectively. The sequence data for the cloned PCR products corresponded to the published sequences for these portions of rat slit1, slit2, robo1, and robo2. Expression of slit1, slit2, robo1, and robo2 mRNA in normal peripheral nerve was low but detectable and did not change for 2-21 days after crush injury (Fig. 1A) . The expression levels of slit1 mRNA did not change either for 2-21 days after transect/repair injury (Fig. 1B) . However, there were marked increases in slit2, robo1, and robo2 for 7-14 days after transact/repair injury (Fig. 1B) . Real-time PCR studies revealed that the increase in slit2 mRNA was approximately 20-fold that in the normal sciatic nerve (Fig. 1C) . Similarly, the increased level of robo1 was 14-fold and that of robo2 was 6-fold (data not shown). As with the slit2 mRNA increase, its receptors, robo1 and robo2 mRNA were expressed at a high level in the same injury model on the same days, which were the axonal regenerating period. 9) Therefore, Slit2, not Slit1, might function in peripheral nerve regeneration as a chemorepulsive cue through the Slit-Robo signaling system.
We performed immunohistochemical analysis to investigate the localization of slit2 protein in sciatic nerve regeneration. Staining for Schwann cells was carried out with a rabbit anti-S-100 antibody (1:200 dilution, Sigma, St. Louis, MO), and then with a TRITC-conjugated anti-rabbit secondary antibody (1:1000 dilution, Jackson Immunoresearch, West Grove, PA). Staining for slit2 protein was carried out with goat anti-slit2 antibody (1:100 dilution, Santa Cruz Biotechnology, Santa Cruz, CA). Following incubation with a FITC-conjugated anti-goat secondary antibody (1:1500 dilution, Sigma), positive staining was visualized with a fluorescence microscope (Olympus, Tokyo).
The slit2 staining in the 7-day sciatic nerve sample after the transected/repaired injury demonstrated robust slit2 staining (Fig. 2D) , although staining for slit2 was not clearly evident in normal ( Fig. 2A) or crushed nerves (data not shown). A dramatic increase in slit2 immunoreactivity was observed in many, but not all, Schwann cells (Fig. 2F) .
Regenerating axons exhibit a preference for growing along the basal lamina tubes in the distal nerve stump. 10) As long as the basal lamina tubes remain intact, they guide the regenerating axons to the original target. 6, 7) Complete transection of the peripheral nerve under transect injury disrupts the continuity of the basal lamina tubes, resulting in potential misdirection of regenerating A, Electrophoresis of PCR products from normal and crushed sciatic nerve templates showed a single slit1, slit2, robo1, and robo2 band. B, Electrophoresis of PCR products from normal and transected/repaired sciatic nerve templates showed a single slit1, slit2, robo1, and robo2 band. C, Real time-PCR results of slit2 mRNA expression in normal and transected/repaired sciatic nerve. Quantitative results of data from individually processed normal (n ¼ 7) and transected/repaired nerves (n ¼ 7).
axons. [11] [12] [13] [14] RT-PCR studies revealed an increase in slit2 mRNA in the transect/repair injury, not in the crushed injury (Fig. 1) . This result suggest that slit2 was expressed when the continuity of the basal lamina tubes was disrupted. It is well-known that Schwann cells undergo massive proliferation following peripheral nerve injury. 15) The immunohistochemical studies indicated that not all Schwann cells expressed slit2 protein in the distal nerve stump after transact/repair injury (Fig. 2) . These results suggest that the Schwann cells might guide the misdirected axons expressing robo1 and/or robo2 to the correct targets with the chemorepellent activity of slit2 protein.
The present results suggest that slit2 might be strategically expressed in Schwann cells to guide the regenerating axons expressing robo1 and/or robo2 receptors when the continuity of the basal lamina tube is disrupted in peripheral nervous system. The mechanism of temporal and spatial regulation among other guidance molecules is not yet known. It is necessary to clarify the role of slit2 among other guidance molecules in peripheral nervous regeneration, in order to understand the mechanism of regenerating axonal guidance. This knowledge might contribute to the development of therapies for guiding regenerating axons to the correct target regions.
